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SOME CONCEPTS CONCERNING TRIAXIAL COMPRESSION TESTING
OF ASPHALTIC PAVING MIXTURES AND SUBGRADE MATERIALS*

-

By F. N, HvEEM' AND HarMER' E. Davis?

Clear-cut concepts readily applicable
to the everyday problems of structures
composed of granular materials have
been relatively slow to develop, in com-
parison with knowledge of the mechanics
for the more homogeneous materials of
constriction. "This i§ due in part to lack
of suitable experimental techniques by
which te explore and -evaluate such
theory as has been evolved. In recent

" years, an accelerated groping for means

of controlling the behavior of granular
mixtures has led to a vast amount of

- experimentation and the accumulation

of much uncoordinated data. In a sense,

-this accumulation of information has out-

stripped the capacity of existing theory
to explain. It seems most timely, then,
that attempt should be made to take
stock of theoretical concepts, experi-
mental procedures, and performance rec-
ords and to assess their significance as a
basis for further development.

During ‘the past two decades, inde-
pendent but almost parallel lines of
thought have developed among those
who have been concerned with soils and

‘ among those who have been concerned
* with bituminous mixtures. In keeping

with the symposium idea, wherein each

“ A combination and Tevision of 2 paper presented by
Mr, Hveem at the Session on Bituminous Paving Mixtures
held at the First Pacific Area National Meeting of the
Saciety, San Francisco, Calif., October 10, 1949; and 2
paper presented by Mesars, Davis and Hveem at };he
Fifty-third Annual Meeting of the Society, Atlantic City,
N. I., June 28, 1950. )

i Canstruction Engineer, Headquarters Office, Cali-
fornia State Division of Highways, |Sacramento, Calif.;
4t time of presentation of paper, Mr. Hveem was Super-
vising Materials and Research Engineer in the Materials
and Research Laboratory. )

2 Director, Institute -of Transportation and Traffic
Engincering, Univetsity of California, Berkeley, Calif. .
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participant contributes by presenting his
views or experiences on the central
theme, an attempt is made to summarize
in this paper some of the thoughts,
doubts, and developments ‘which have
come out of the exchange of ideas and
cooperative efforts of a small group of
men on the West Coast who have heen
debating the problems of stability of bi-
tuminous mixtures.

ForMaTION OF THE TRIAXIAL INSTITUTE *

Since some of the individuals involved
had. - been ' experimenting with triaxial
compression test methods for road build-
ing materials with considerable success
for a period of years, attention was read-
ily focused on an examination of the

triaxial principle. The group was organ-.

ized under the somewhat imposing title,
the “Triaxial Institute,” and the name
has been applied to the group, at least
locally, since its organization.

The motivation for this group and

the reasons for its creation were expressed
in the opening paragraphs of the. initial
letter written by C. V. Kiefer® in 1947:

“In order to develop, standardize and pro-
mote the principles of triaxial testing, the
Pacific Coast Division (DIV, V) of the As-
phalt Institute his decided to instigate the
formation of a Triaxial Institute—Western
Division. Accordingly, the writer was ap-
pointed temporary chairman to undertake the
organization of such a group.

"“Recognizing the great universal need for

3 Shell Qil Company, San Franciséo, Calif,
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a standardized method of evaluating the load-

supporting characteristics of soils, bases, and
flexible pavements and believing that the

underlying piinciples emhodied in the triaxial”

method are ‘sound, it is hoped that by the
formation of such a group, a unified approach
to the problem may be evoived.

“Presently, several separate organizations
utilize triaxial testing in one form or another
but no two are exactly parallel in all respects.
If standardized procedure, units of measure,
and nomenclature can be secured by coopera-
tive tests, discussions and the evaluation and
comparison of data, a great service will have
been rendered flexible pavement design. Such,
in brief, will be the purpose of the organiza-
tion.”

A small group was organized consist-
ing of the following members;

Education and Research Interest:
R. G. Hennes, University of Washington
H. E. Davis, University of California
State Highway Interest:
Bailey Tremper, State of Washington
N. M. Finkbiner, State of Oregen
F. N. Hveem, State of California
Asphalt Interest:
Vaughn Smith, California Research Corpo-
ration
V. A. Endersby, Shell Development Co.
{Chairman)

The initial meeting was held in Kla-

- math Falls, Ore., in May, 1948. Much

detailed discussion was carried on and
the following review of the background
by Chairman Endersby expresses the
general viewpoint at that time;

“The group has been formed in an attempt
to ameliorate the current confusion in the
asphalt field in regard to methods of testing
the mechanical stability of road materials. At
the present time a number of methods exist
among triaxial tests, such as the Hveem sta-
bilometer and the Asphalt Institute methods;
among other types, the Hubbard-Field, the
Marshall, various shear tests, and hearing
tests such as California Bearing Power. The
use of most of these has heen based upon

empirical correlations with road work; to date
it is difficult to coordinate basic conceptions

nlastio.com
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of users or results of different methods, and
especially difficult to render results in com-
monly accepted engineering units, in such
manner that the results of tests can be inter-
preted scientifically as well as practically. In
addition, there is a continuing development
of new tests, likewise empirically based, which
tends to confuse the field still more. It is
thought that the composition of the present
group is well adapted to scientific analysis of
tests ... as weil as fitted to work out methods
practically usable by engineers in the field.
The members agreed that triaxial methods
were the most promising.”

The scope and aims of the Triaxial
Institute and certain objectives were
agreed upon as follows:

1. Clarification of the fundamental
mechanics of granular particles combined
with viscous binders (including water).

2. Investigation of the triaxial com-
pression test as means for measuring cer-
tain pertinent mechanical properties.

3. Consideration of specific procedures
for conducting the triaxial test.

4. Preparation of a report (to the As-
phalt Institute) covering specific appli-
cation to bituminous mixtures.

THE TRIAXTAL INSTITUTE AND
THE ASTM

Because of the affiliation of a number
of its members with the ASTM, and
because of the possibility that test
methods of widespread interest might
be evolved, the group was later made
a project committee of Subcommittee
B-2, ASTM Committee D-4 on Road
and Paving Materials. At San Francisco
in October, 1949, the group met as an
ASTM project committee.

It was recognized that the member-
ship of-the group as originally consti-
tuted naturally represented different
viewpoints and to a degree, at least,
could be recognized as having somewhat

different motivations. For example, quot-
ing from the minutes:
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“State and educational members were much
interested in applications to soil ‘mechanics;
but inasmuch as soils were mechanically simi-

. lar to bituminous mixes, basic principles of
“the latter would apply to the former. Also

the composition of bituminous mixes was more
easily controllable than that of soils, thus pre-
senting easier base materials for investigation
of fundamentals. Thus, it was agreed that
investigation would not be made on soils at
feast until tangible conclusions were arrived

at on bituminous materials, after which the

position would be reviewed. Attention was

_also called to the fact that while the group

as the “Triaxial Institute” has autonomy and
wide discretion in its work, as an ASTM
committee its scope is limited to bituminous
materials, soils investigations in ASTM be-
ing under Committee 1-18.”

ATTENTION DIRECTED To TRIAXIAL
_ TESTING

Evidence available, together with the-
oretical considerations, seemed to sup-

-port the decision to concentrate attention

upon the triaxial type of test. There was
general agreement from a consideration
of the fundamental factors underlying
the stability problem that the results of
tests from any apparatus for testing bi-
tuminous paving specimens which in-
cluded tensile strength or cohesive forces
to an indelerminable degree would be

likely to give poor correlation with per-

formance. This means, for example, that
unconfined compression tests i any form
are likely to give undependable or mis-
leading information.

Attention of the group was early
directed to the specific questions con-
cerning the type and ‘dimensions of tri-
axial apparatus. Most members of the
committee had carried on actual testing

" work with some form of apparatus utiliz-

ing the triaxial principle. Smith, of the
California Research Corp., had spent
considerable time in investigation and
development, ‘and in 1944 had published

articles! describing his form of the triaxial
test which was later accepted as a pro-
cedure of the Asphalt Imstitute. Smith
had adopted a 4-in. diameter by 8-in.
high test specimen. After a study of
available literature, which generally fav-
ored a triaxial test specimen having a
height-diameter ratio of 2.0 or more, the
“tall” specimen of-4-in. diameter had
been adopted on theoretical grounds from
general scientific considerations to avoid
end effects and disturbances due to irreg-
ularities in large-particle content.

Hveem had been using the Stabilo-
meter® since 1931, the Stabilometer being
a form of the triaxial apparatus which
utilized & 4-in. diameter by 2.4-in. high
specimen, giving a low height-diameter
ratio of 0.6. This apparatus was devel-
oped primarily to satisfy practical con-
siderations, and the original purpose was
to develop an instrument that could be
used for routine testing in a large high-
way laboratory. Theoretical considera-
tions were largely subordinated to such
requirements as rapid testing schedules
and the need for rugged, durable equip-
ment that could be easily maintained in
adjustment; the height of the specimen
was selected to correspond to the typical
thickness of bituminous surfacing com-
monly used in highway work; economy
of material and fabrication cost were also
considerations.

Many arguments and viewpoints were
set forth, as stated by Endersby:

“Tt was found that a difference, though not
a conflict, of interest existed among the organ-
izations present. All alike were concerned with
improving tests so that better roads could he
built more cheaply; educational interests were
for uniformity of tests and conceptions on .

4V, Smith, “A Method for Preparing Soil and Aggre-
gate Specimens of Homogeneous Density and Composi-
tion,”l.ggrmal of Asphaels Technology, Vol. 3, No, 1, Jan-
uar 3

i‘? Smith, *Flexible Pavement Fourdation Design,”
Journal of Asphalt Technology, Vol. 3, No. 1, January,
1944,

5 Ses Appendix IT for description of the stabilometer
and the procedure related to its use, p. 36.
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= general principles, but the oil companies were

particularly interested in standardization be-

* cause of the large number of users of asphalt

from different types of organizations, Uniform
standards and specifications, and uniform and
correct methods of determining the true re-
sponsibility for road failures were directly to
their interest.”
CONSIDERATION OF MATERIALS AND
FUNDAMENTAL PROPERTIES

Some time was spent in a discussion
of the nature, properties, and character-
istics of asphaltic paving mixtures, con-
sisting of fragmental stone particles rang-
ing in size from fine sand or dust to
coarse aggregate—all cemented by a vis-
cous liquid. A typical bituminous paving
mixture consists of 90 to 95 per cent of
rock particles coated and cemented to-
gether by a quantity of asphalt ranging
normally from 5 to 10 per cent by weight.
A detailed discussion developed around
the parts played by the two ingredients
which compose a bituminous pavement.
Recognition of the predominant influ-
ence of the aggregate led to a discussion
of the properties associated with such
materials, especially those properties as-
sociated with'surface characteristics.

Among the properties influenced by

- surface characteristics, inter-particle fric-

tion iz the most important so far as
stability is concerned. Quoting from the
minutes, “Friction could be defined ge-
nerically as the resistance to thedragging
of one surface over another. One char-
actéristic of this friction is that the slid-
ing resistance is proportional to the load
normal to the sliding plane. This, which
is the classic view of friction found in
text books, was properly called ‘Coulomb
friction’ after the discoverer of the law.”
In a later discussion, Hveem pointed

" out that the original discovery may more

properly be credited to Amontons, who
formulated the law in 1699. Amontons’
law states that friction between solid
bodies is affected by the pressure but is

.

&
G

.
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independent of the speed and of the
area in apparent contact. Coulomb later
(1781) confirmed this law.

Discussions of friction and the general
problem of stability brought forth, from
time to time, views concerning the use
of the Mohr diagram. No implication
was made that the use of the Mohr dia-
gram was fundamentally unsound, but
it was pointed out that the Mohr circle
is merely the graphic representation of
the state of stress at a point and that
further superposition of failure lines rest
on concepts of modes of failure. It was
pointed out by Hennes that the assump-
tions (for example, Coulomb criterion of
failure) underlying the application of the
Mohr diagram indicate that the Mohr
envelope should be a straight line,
whereas a curved envelope is frequently
developed when experimental data from
a triaxial test is plotted. Thus, drawing
the usual tangent line may represent a
generalization  (or simplification) that
masks the factors which are of signifi-

‘cance in attempting to arrive at valid

conclusions covering pavement stability.

Quoting from the minutes, it was fur-
ther pointed out by Hennes “that while
the Mohr envelope projected to the neg-
ative side of the origin gives a true ten-
sile strength in metals, the physical prop-
erties of asphaltic mixes are very different

‘and do not seem to lend themselves to a

rigorous Mohr interpretation.”
- These critical questions concerning the
use of the Mohr diagram appear to be
timely and pertinent. W. S. Housel has
even more strongly challenged the appli-
cability of the Mohr concept in this par-
ticular field.®
Questions concerning the use of the
Mohr dizgram were not resolved, but it
was recognized that, with masses of stone
particles in contact, part of the resistance
1 L ¥
commonly designated as ‘“friction” usu-

¢ W. 5. Housel, “Interpretation of Triaxial Compres-
sion Tests on Granular Mixtures,” p. 267 this publication.


http://www.fastio.com/

ChhPD

www.fastio.com

-

HveEEM aND Davis oN ASPHALT PAVING MIXTURES 20

ally includes factors described by some
as “interlock” and by others as “arch
action,” which factors, regardless of ter-
minology, are resistances to sliding not
dependent upon cohesion and perhaps
not subject to “Coulomb’s law.”
Discussion also embraced the nature
of “cohesion.” It was' recognized, of
course, that the term “cohesion” as com-
mounly used in the literature on soil me-
chanics does not correspond to the ordi-
nary or dictionary meaning, as it appears
that the term cohesion commenly ap-
plied to soils test data means only that
portion of the resistance to shearing that
is independent of the pressure, while the

_dictionary meaning implies that cohesion
*is the resistance to pulling apart, that is,

a tensile resistance. This discussion led

" to consideration of the real meaning of

the Mohr intercept which is usually re-
garded as a measure of sliding cohesion.
It was concluded that until more evi-
dence could be made available, the inter-
cept value of the Mohr diagram should
be designated simply as “the Mohr in-
tercept” without any a pman assump—
tion as to its true 51gn1ﬁcance

It was pointed out that the phenom-
enon of cohesion was nonexistent in an
ageregate mass intended for a bitu-
minous mixture until theasphalt has been
introduced and, therefore, in this case
any cohesive or tensile strength is due
to and - characteristic. of the particular
viscous liquid under the particular con-
ditions of temperature, rate of strain,
etc. Sir W. B, Ha,rdy" had pointed out
that “viscosity” is the common term for
“the simple internal friction of a liquid.”
Any resistance to movement caused by
this internal fluid friction is increased hy
the speed of action and by the area of
surfacesin contact This law is in marked
and interesting contrast to Amontons’
law.

? Jerome Alexander, *Friction, Surface Energy and
Lubrication,” Colloid Cfmmzs!ry, 228 288-305.

ProBizM OF PREPARING REALISTIC
_ TEsT -SPECTMENS

Regardless of the stability testing de-
vice to be utilized, it was evident that
the matter of forming (that is, “com-

“pacting”) the specimens to be tested was

a matter of prime practical impertance.
As stated by the minutes of the May
1948 meeting:

“The Division of Highways of the State of
California. has used 2 kneading method for
many years, modified from time to time hy
experience and comparison with road samples.
California Research Corp. uses similar
methods, and the Martinez Laboratory of
the Shell Qil Co. has just been equipped
with such a machine,

“In these machines a tamping shoe having
the form of a segment of a circle applies load
by a reciprocating motion to the sample, which
is gradually built up under it. The sample
mold rotates as the shoe rises and falls. The
feed is automatic. The load is constant and is
applied as a pressure, not a blow,

“IIveem stated that in his experience this
method also is capable of producing an amount
of degradation of the material comparable
with that which ocours in a pavement,

“At this point the discussion turned for a
time on the problem of degradation and jts
effect on road performance. According to the
experience at Shell Development Co. , degrada-
tion must be c0n51derable, espec1ally in angu-
lar aggregates, since a sample only retested

“once showed markedly less intemnal friction

’

and interlock than in the first test. Some mem-
bers expressed doubt that the Los Angeles
rattler test really correlated with road experi-
ence in asphaltic mixtures. It was noted that
some systemnatic studies on degradation were
beginning to appear in the literature.

“The committee unanimously agreed that
kneading compaction methods were necessary
to useful investigation; otherwise there could
be no certainty that the samples tested in the
laboratary would correlate in mechanical prop-
erties with those placed in the field. Smith
suggested that compaction method giving low-
est stability for the same density would corre-
late hest with field practice.” '

Hveem, Smith, and Davis “were des-
ignated as a special committee to rec-
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ommend a standard tamping shoe and
the exact movement of same.” Load was
also to be specified, but the machine
was to be built in such a manner that it
could quickly he changed for purposes of
investigation. The critical points were
the extent of lift of the shoe, its dimen-

) smns, and shape; the overlap of succes- -
sive application. areas, its speed and

“dwelling time” on the sample, incre-
ments of feed, applications per unit
height of sample, and type of mold and

* mold lining (rubber, or metal), tempera-

ture of mix and shoe, and final smooth-
ing pressure.
Following the preparation of a work-

Triaxial TESTING -

tion: 10 by the California Division of

» Highways, 2 at the University of Cali-

fornia in Berkeley, one each with the
State Highway Laboratory in Washing-
ton and in Colorado, one by the County
of Los Angeles, and one by the Wood
River Refinery of .the Shell 011 Co. in

- NMlinois.

At the San Francisco meeting of Octo-
ber 1949 referred to earlier, a report was
made by B. A. Vallerga of the University

"of California, showing pressure applica~

tion curves, recorded by special elec-
tronic gaging equipment, for the first
compactor built by the University. A
typical curve, shown in Fig: 1, illustrates

Direction of
Trace - 035 038
- gac. sec.
.15
sec,

1500 Ib.

— |+—o0ne cycle=2sec—=]

143 =—— Tomp Number —= 142

Fi16. 1.—Time Pressure Curves for Kneading Compactor,

University of California
Test Run 1V September 28, 1949
Air Pressure = 60 p

Feed Valve Open 1} Turns

ing drawing' by the California State
Highway Laboratory, agreements were
reached concerning controlling features
of the compactor at a meeting of the
group in Portland, Ore. in Octobér, 1948.
After the operation of the pilot model
{Model A) constructed at the University

" of California was studied, certain minor

modifications were indicated and ‘a sec-
‘ond machine (Model B) embodying these
revisions was built in the laboratory of

" the California Division of Highways.

In the summer of 1950, the California
Division of Highways began arrange-
ments for the manufacture of eight com-
pactots (Model C), embodying still fur-
ther improvements. By the end of the
year 1950 at least 16 compactors of this

. design will have been placed in opera-

the interval between load applications,
the rate at which pressure increases, and
the length of time, or “dwell,”” of the

"compactor foot on the specimen during

forming, Subsequently, compaction pres-

sure-studies were made by Vallerga on |
the machines in use in the laboratories

of the participating members of the

group in California. -

Consideration of further details of test-
ing procedure led to the study and adop-
tion of a standard laboratory mixer.
Mixers of the approved design were
placed in use by the California Highway
Laboratory, by the;University of Cali-

fornia, and by the Washington State
Highway Laboratory. Working drawings
were made available to 1nterested agen-
cies.
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Tt was also agreed, that mixing tem-
petatures for preparation of bituminous
mixes in the laboratory should be such
as to reduce the viscosity of the asphalt
to a range from 75 to 150 sec. Saybolt
Furol, and that after mixing, the curing
time of liquid asphalts should be a period
of 16 hr. at 140 F. with provision for air
circulation. This period of artificial cur-
ing appeared to be reasonable when com-

In summary, as a result of the first
year of activity of the Triaxial Institute,
an agreement was reached and action in-
stituted which has led to the adoption of
a standard mechanical apparatus and
procedure suitable for compacting test
specimens of either bitumincus mixtures,
crusher run or gravel bases, subbases and
subgrade soils; also methods of mixing
and for curing were agreed upon.

T B8O
50
|- California Gompactor
. 2-Double Plunger - 3000 psi.
. 3=-Double Plunger — 2000 psi,
2 40 = -
=5
s N
> . N : .
O R, S\ s
£ o N O QL. X2
2 . ""--..__0 3
"3 .
i \\
10 \\
’ /
o !
4 5 5] T

Asphalt (85-!00 Penetration}, per cent
Fia, 4—Material “C" Quartz Gravel.

pared to conditions on the road after
placing. '

Methods of feeding the material into
the forming mold during the compaction
period were also considered at the San
Francisco meeting. However, experience
since the meeting does not indicate that
this is a serious problem and several
types of feeders might be used. The com-
pactors so far constructed are equipped

with belt-type feeders, bufthe California

Division of Highways proposes to use’

simple hand-operated devices for the ma-
chines in use in the District lzboratories.

Wiy [aslio.com

CoMPARATIVE TESTING PROGRAM

At the meeting of the group in Port-
land, Ore. in October, 1948, considera-
tion was given to a stwdy program which
would involve cooperative testing. This
program was further developed and at
the present time tests, involving over
500 specimens, are under way by several
of the cooperating agencies. Principal
variables in the study' program are:
method of compaction and type of tri-
axial test specimen.

It was pointed out by Tremper that
mixes containing certain aggregates are
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particularly sensitive to the effects of
compaction and to asphalt content;
hence it was agreéd that several types

- of aggregates should be included in the

cooperative program. One of the aggre-
gates selected was a crushed granite, a
large quantity of which was secured, sep-
arated into sizes and distributed to those
members who were equipped to perform

" “tests. At the present writing, compara-
“tive results from all laboratories are not

available. However, preliminary tests in
the California Highway Laboratory indi-

‘cate the marked difference in evaluation

which can result depending upon the type
of compaction utilized. Figures 2, 3, and
4 illustrate the ‘variations in stability
ntixtures as measured by the stabilometer
made with three different aggregates of

. the same gradation and having identi-

cal mixture compositions, compacted by
the mechanical kneading compactor,

A few preliminary tests have also been-

carried out by the laboratory of the Uni-
versity of California, comparing the As-

“phalt Institute Triaxial Method as devel-

oped by Smith of the California Research
Corp. with similar mixtures tested in the
Hveem Stabilometer. This work is by no

"means final, but the results indicate a

linear relationship between the two tests.
Figure 5 shows the results obtained by
plotting the lateral pressures developed
by tall specimens of the same mix tested
in the.stabilometer. There are certain

 dissimilarities of testing procedure in-

volved; for example, corrections are com-
monly made for variations in the volu-
mietric displacement in the stabilometer.
These corrections have not been applied
in the Asphalt Institute triaxial device,
and a more detailed study of the data
may indicate a closer correlation than is
apparent in the plot shown in Fig. 5.

CovmENTS CONCERNING INTERPRETA-
TION OF STABILITY DATA' |

At present, there is no reason to be-
lieve that a given series of materials

ranging from low to high stability will
suffer any marked difference in relative
classification whether tested in the Sta-
bilometer or in the triaxial device using
tall specimens. The advantages for speed
of testing and simplicity of operation
are in favor of the methods employed
withthe Stabilometer, Onthe other hand,
the use of the triaxial test with means
for carefully controlling and measuring
a number of variables may continue to
be more attractive to those interested in

S0
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Stabilometer — Lateral Pressure, psi.

i¥16. 5.—Lateral Pressures Developed on Bi-
tuminous Paving Mixtures, Smith Triaxial De-
vice. Compared to Hveem Stabilometer. Points
plotted at same vertical pressures.

Vaughn Smith Triaxial
o

theoretical studies and in investigation
of basic principles.

Whether or not test data derived from
the Stabilometer test are susceptible to
mathematical treatment and translation
into the usual concepts of angle of fric-
tion and ‘‘cohesion” requires further
study. It may be pointed out that L. E.
McCarty of Texas published two arti-
cles® ? indicating that these commonly

3L, T, McCarty, “Applications of Mohr Circle and
Stress Triangle Diagrams to Test Data “Taken with the
Hveem Stabilometer,” Proceedings, Highway Research
Board, Vol, 26, pp. 11-123 (1946).

3 L. E. McCarty, “Further Methods for the Analysis

of Data Taken in the Hveem Stability Test,”” Proceedings,
Highway Research Board, Vol. 27, pp. 455466 (1947).
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used factors may be dérived from. tests
on a short specimen as readily as from
the more involved triaxial method. Mr.
B, M. Carmany has submitted a formula
“and derivation for computing -friction

- and coheslon from Stabilometertestdata.

(see Appendix I). However, the question
of the calculation of ¢ and C from any
triaxial test is something apart from the
question of whether ¢ and C are concepts
by which it is most desirable to interpret
the stability-of mixtures for paveinent
structures. It is not immediately appax-

ent that any large degree of practical

benefit is derived from such calculations.
Much structural design data used in
other branclies of engineering rests upon
“the evaluation of materials in terms of
simple compressive strength, as in the
case of concrete, or upon simple tensile
strength, as’in the case of reinforcing
steel. There is some justification for the

" notion that fragmental masses such as

soils, gravel bases, and bituminous pave-
ments may be better classified in terms
of their ability to resist deformation.
Further, because roughness and corrt-
gation of flexible pavements may develop
before “failire” {(in the sense of com-
plete rupture) has occurred, there ap-
pears to be’ considerable justification for
expressing resistance in the working
range, regardless of forces required to

produce ultimate disruption. This con-

cept is being adopted by the California
Division of Highways at the present
time. The new design procedure expresses
the ability of the underlying scils and
base materials to sustain loads in terms
of the resistance value R which is derived
directly from Stabilometer tests on. the
“'short” specimens which are subjected
to relatively light loads of 160 psii®

wF. N, Hveem, and R. M. Carmany, “The Factots

Underlying the Rational Design of Pavements,”” Proceed-
mgs. Highway Research Board, Vol. 28, pp. 101136 (1948).

TRIAXIAL TESTING

CoNcLusioN

At the present time, therefore, the
trend of thinking and work conducted
by the Triaxial Institute indicates that
for day-by-day routine testing in high-
way laboratories where the volume of
work is very large and the need for
rapid testing becomes acute, the Sta-
bilometer method seems to promise the
greatest over-all speed of operation,
which means that a larger number of
individual tests can be performed. This
is an important item when dealing with
materials from sources that are inher-
ently non-uniform and wvariable. The
triaxial device using tall specimens, either
with the open or closed system, where
loads are applied slowly and allowed to
come to an equilibrium, will no doubt
continue to have a place, especially for
instruction work in university and other
research laboratories, and also may prove
to be especially suitable for developing
data for the analysis of slope stability
pressures on retaining walls, etc. Only
time and continued work will settle these
questions to the sa.tlsfactlon of all con-
cerned.

In the meantime, itis felt that somme-
thmg has been acco‘tnphshed in recog-
nizing the need for careful and controlled
preparation of test specimens. With a
workable procedure agreed upon for the
testing and evaluation of bituminous
pavement mixtires and combinations, it
will be a logical step to extend these
procedures and principles to the testing
of the supporting base and foundation
soils upon which all bituminous pave-
ments must depend for support. The
triaxial principle has the special advan-
tage that all layers composing structure
and substructure underlying a bitu-
minous pavement may be tested and
evaluated in the same frame of refer-
ence 4o far as plagtic deformation is
concerned.
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APPENDIX I

THE DERIVATION OF THE FORMULA FOR COMPUTING FRICTION AND
COHESION FROM STABILOMETER TESTS EMPLOYING SPECIMENS
HAVING A LOW HEIGHT-DIAMETER RATIO

PrEPARED BY R. M. CaArRMaNY, CALIFORNIA Division oF HIGHEWAYS

Thls method of deteiniining the cohesion and angle of friction is based upon the assump-
tion that’ When the %/d ratio of the specunen is such that the specimen cannot fail along a

plane making an angle ¢ = 45 + - W’lﬂ’l the horlzontal due to the interference of the test-

horizontal; that is, from corner to corner of the specimen.

ing machine platen, it is forced to fa.ll along a plane making an angle « = tan~t4/d with the

« = angle between the plane of failure and horizontal, . vl
= n 1 SUT the plane of fail
P, om?, pressure on the p : ilure, _ / R
v == shearing stress on the plane of failure, 4 25
v = vertical pressure, ' o320 '
i = lateral pressure. o ' I 4" i
' Pn-'—-v+1+v_1c052a ......................... (€))]
‘ 2 2 : ) _ .
. : ) : r=3v—-DsinZ2e................ e 2
At conditions of test ‘ T
‘ ) r=C4+ Potang......... e (3
where:- ’
C = cohesion, and
Cg= angle of frlctlon
" Substituting Eqs 1 and 2 into Eq. 3 ‘
3y —~ '1) sin2a = € + (9:2'_ L v%l cos 2&) tan B @
Substituting values for two conditions into Eq. 4
! %(w~l1)51n2a—C+( jll+%hc052a)tan¢ ........ L..(5)
3@ —lysin2e = C + (i%lg + w—;l? cos Za) tan ¢........... (6}

and solying for C and tan ¢
. 0.45(D35) — D1Ss)

‘ ¢= 044D — Ds) + 51 — 5

: Where: ] '

Dy o=y — 11 '

Dy = —h
- Si=n -}-_ll-\

Se=wmh

. : ! 0.9(D; — Do)
tan ¢ =

0.44(D1 — D) + 51— 52
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APPENDIX 11

THE HVEEM STABILOCMETER METHOD

The following is a condensation of the-

paper presented to the First Pacific Area
National Meeting of the American Society
for Testing Materials held in San Francisco,
Calif., October 10 to 14, 1949,

The details of performing tests by the use
of triaxial apparatus utilizing tall specimens

" -have been fully reported and described else-

where. However, there has been no similar
publication covering the details of Stabilometer
operation and -interpretation of test results.
The following brief description is, therefore,

models being simple metal cylinders split on
one side and held together by compression
springs which permitted expansion of the cyl-
inders when subjected to internal pressures. In
1932, the design was changed to the present
hydraulic type in which lateral pressure is
transmitted through the walls of a rubber
tube to an annular liquid cell. Lateral pressure
is measured by means of a standard hydraulic
pressure gage (Fig. 6).

The Stabilometer was originally developed
becauge of the pressing need for a means to

Fri. 6 —Complete Stabilometer Assembly.

At extreme left, base column with adjustable stage.

Second, the main unit containing the'liquid cell and gages.

Right of Center, zluminum bushing rings for use with tall specimen.

Cage type piston or follower for applying load to the test specimen, .

On the right, brass cylinder 4 in. cutside diameter for use as dummy specimen, A

Miscellaneous items include spanner wrench for tightening pump gland, small air pump for adjusting initial dis-
placement and clamp tool for installing new rubber diaphragm, N

(The Stabilometer illustrated is complete except for crank handle attachment on displacement pump.)

' confined only to the Stabilometer using speci-
“mens having a low height-diameter ratio.

ClihPDF - u

Defiption:

The name “Stabilometer” is a coined word
and was intended to apply only to the type of
apparatus described herein. The term is not
propetly applied to other devices of different
principle that have been proposed for meas-
uring “stability.”

Development:

The Stabilometer has been emploved as a

routing test in the laboratory of the Mate-
rials and Research Department, California
Division of Highways, since 1930, the first

nvwy fastio.con s e

evaluate the stability of the oil mix type of
bitumincus surfacing which was then a rela-
tively new process, the first oil mix road sur-
face in California having heen constructed in
1926. )

Attempts to apply stability tests such as

- the Hubbard-Field, miscellaneous shear tests

or unconfined compression tests to specimens
of the oil mix types gave values that were
extremely low compared to standards thought
necessary to assure stability in pavements of
the sheet asphalt type. It was evident that in
spite of the low values registered by many of-
the so-called stability tests, dense graded mix-
tures usinig slow curing liquid asphalts similar
to the present SC-2 grade (having a viscosity
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range from 100 to 200 sec. at 140 F.} vwere
capable of withstanding considerable amounts
of traffic and the conclusion was inescapable
that such satisfactory road surfaces must there-

fore possess the requisite “stability,”

Examinations of failures on the road caused
by instability of a bituminous surfacing indi-
cate that the paving mixture tends to flow in
a lateral direction giving the appearance of
heing squeezed out or “rolled” out beneath

™ the wheels of heavy vehicles. Tt, therefore,

seemed to be a fairly obvious and simple con-

alone. Conversely, an isolated block of con-
crete or of stone would. sustain any load which -
could be transmitted by a. pneumatic tire
simply because of the internal resistance or
strength of the unit ditectly beneath the Ioad.
Therefore, assuming an adequate foundation,
the capacity of a bituminous pavement to're-
main smooth and undistorted under traffic
depends upon the ability of the pavement
mass to resist plastic deformation.

Perhaps the properties of plastic materials
may be better visualized by extending the

TS

F16. 7.—Showing the Evolution of the Stabilometer Through a Series of Types of Models.

clusion that the ability ‘to resist lateral dis-
placement is a characteristic of stable bitum-
inous pavements. In view of the fact that all
pavements represerit very large areas com-
pared to the arca covéred by a single vehicle
tire, it is also evident that in order for the
material beneath the tire to flow or ‘“‘escape”

"in a lateral direction it must transmit pres-

sures greater than the resistance of the sur-

- rounding mass of similar composition. By way

of illustration; if a hole with a diameter corre-
sponding to a tire print is bored in solid mate-
rial such as concrete and filled with either

* clean sand or plastic clay, these materials will

sustain a Joad covering the area of the hole
simply through the influence of lateral support

principles of hydroestatics rather than by an
attempt to analyze behavior through apply-
ing the theory of elasticity. If the mechanics
of bituminous pavements or-of granular soil
materials is compared to the behavior of
liquids under pressure, it will be recognized
that one of the characteristics of liquids is the
ability to transmit pressure equally in all-
directions. When masses of fine and coarse
granular materials such as the mineral aggre-
gates used in bituminous pavements or in
granular bases (or even in the underlying base-
ment soils) are combined with varying amounts
of water or of asphali or both, all such mate-.
rials form combinations that will transmit
some pressure in all directions but not in a
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uniform pattérn or to an equal degree. There-
fore, -if a sample of a typical bituminous
pavement or of granular base material is
placed in a cylinder and subjected to a load
under a tight ‘fitting piston, a certain per-
‘centage of the vertical pressure will be trans-
- mitted to the side walls of the cylinder. The
proportion of the vertical pressure thus trans-
mitted in a lateral direction may vary consid-
erably however, depending upon the character
of the sand or rock particles and especially
with the amount or type of lubricating Bquid
that is combined. The whole relationship and
condition may be summarized by stating that
the lateral pressure will vary inversely with
the internal resistance of the mass. This in-
ternal resistance of bituminous paving mix-
tures has usually been referred to as “sta-
bility.” If a specimen of soil or mineral
aggregate with or without a bituminous binder
is compacted in the form of a cylinder and
subjected to vertical loading with means for
measuring the lateral pressure developed in
the process, then the relative tendency of the
material to transmit lateral pressure will pre-
sent an index to the stability or “resistance
value” of the material in place on the roadbed.
As illustrated by Fig. 7, the Stabilometer
has evolved through a series of types or
models to its present form.
The Stabilometer test was first described in
a paper published in the Proceedings of the
Highway Research Board in 1934.%t Further
discussion was included in an article published
by the American Road Builders’ Association
in 1939.12
As indicated in the earlier reports, the de-
sign of the instrument is such that it is possible
to test specimens artificially compacted in the
laboratory or those cut from the pavement by
means of a core drill. This latter feature has
_made it possible to establish a direct compari-
son between test results on artificially formed
specimens and those fabricated by the usual
construction methods - involving rolling and
traffic compaction. As soon as such compari-
-sons were established, it became clearly evi-

1T, E, Stanton, Jr,, and F, N. Hveém, “Role of the
Laboratory in the Preliminary Investigation and Control
of Materials for Low Cost Bituminous Pavements,” Pro-
ceedings, Highway Research Board, Vol. 14, Part II,
December, 1934, pp. 15-54. .

12 F, N. Hveem, ‘*Use of Stabilometer Data in the De-
Sign of Flexible Road Surfaces,” Proceedings, American

Road Builders® Association, March, 1939, pp. 167-172,

)
_
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dent that laboratory compaction methods in-
volving tamping under a hammer developing
sharp impact followed by direct confined com-
pression loading, consistently produced test
specimens that were unlike the actual road
surface, being far more stable than were sam-
ples cut from the pavements composed of the
same ingredients. This was true even though
the tamped specimens developed the same den-

sity as the field cores. Therefore, a Ieugthy,"" ’

study was undertaken in order to establish a

Fie. 8.—Mechanical Compactor (Mocel B)
_Co;xgs;;{)ucted by California Division of Highways
in .

laboratory compaction technique that would
reproduce in all respects the resistance prop-
erties of the mixture when compacted on the
roadway (Fig. 8). The development of the
compaction procedure has been discussed in
this paper and elsewhere.2

Having provided means for preparing a test
specimen in which the compaction pressures,
arrangements of particles, density and film
thickness of asphalt are all fanrly typical of
actual pavement conditions, the next step is
the conduct of the test.
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The Stabilometer test is accomplished by five to six minutes. With the test specimen in
placing the compacted test specimen within place and the follower or loading piston rest-
the Stabilometer shell where it is supported ing on the upper surface of the test specimen,
upon the base column and surrounded by the the Stabilometer is placed on the platen of a

K 6§ fd R 4 g SETS TR
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Fic. 9—Showing Sequence of Operations Involved in the Stabilometer Test.

A-~-Steel mold 4 in, in diameter containing compacted test specimen is placed in position on top of Stabilometer.
Mold fits into recessed seat providing correct alignment. ' .

B—S5teel follower-or ram with 4 in. diameter face is placed oz surfzce of test specimen inside of steel cylinder.

C—The specimen is forced into position in Stabilometer by mezas of a hand lever engaging a fulcrum on testing press.

D—Steel mold is removed, loading follower is put in place and Stabilometer is placed on thke platen of the testing
press. The operator i shown adjusting the initial lateral pressure to 5 psi. by means of the displacement pump.

E—Test under way. The left-hand dial of the testing press indicates 1000 lb, total load which corresponds to
approximately 80 psi. (Py) on a specimen having an end area of approximately 12.5 square inches. On the specimen
shown, the Stabilometer dial indicates about twelve pounds lateral pressure {Py) at this point. .

F—The testing press is-operated at z speed of 0.05 in. per min. and loadinf is continued at this rate until a total
of 6000 1B js reached (480 psi.), (at whick point the specimen shown registers a lateral pressure of approximately 87 psi.)
For Ii)itu.l‘r;(i’gous surfaces, “stability” is calculated from the Stabilometer readings taken when the vertical load is
equal to psi. :

closely fitting rubber tubing. A series of photo-  testing press and the specimen subjected to a
graphs are included in Fig. 9 illustrating the load applied at the rate of Q.05 in. per min.
sequence of operations involved., The total Continuous readings of the Stabilometer dial
lapsed time to perform thé test ranges from are recorded; typically at each 1000 Ib. of

I
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total load. For. comparative purposes “sta-
bility” is reported under a total load of 5000
Ib. which is equivalent to approximately 400
psi. on a specimen 4 in. in diameter. The test
is not carried out to reach any yield point or
““failure” point.

The process of testing a sample of road
material in the Stabilometer is based on the
premise that a sample should be subjected to
pressures sufficient to represent the combined
effects of traffic loads frequently repeated

140 T P
- i
:_:; 120 !/ /5{-‘
e / //
b o L/
/ 4
n .
Bl / -
g J ¥ e
g 40 / / /’,u‘l
E / // Sraﬁbfe Mixe}-s Yd’,
F ; -
&c'; 20 /,ﬁl!!/l —;— ”,I /g(/
| anuii

G 40 80 160 240 320 400
Vertitnl Pressure {Py) Applied to Speciman

Fic. 10.—Chart Showing Stabilpmeter Read_
ing (Py) Under Different Vertical Loads (Py).

over a long period of time. Under the condi-
tions of the test, a load ranging from 300 to
400 psi. seems to furnish a reasonable duplica-~
tion of the cumbulative long time effects from
pneumatic tired traffic. Therefore, the sample
is subjected to a slowly applied load culndinat-
ing in a pressure of 400 psi. and the Stabilo-
meter reading under each 1000 1b. of total
load is recorded. After reaching the maximum
load, the “displacement wvalue” of the Sta-
bilometer system is measured and recorded.
This displacement value represents the volume
of liquid expresséd in cubic inches (or in the
number of “turns” or revolutions of the cali-
brated pump handle} required to increase the
pressure in the apparatus from 5 to 100 psi.

480

'
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This measurement is made with the specimen
in place and any compressible components
contributed by the specimen will be reflected
in the displacement measurement. It has been
found that the magnitude of the lateral ex-
pansion or the volume displaced by the speci-
men while undergoing the test must be taken
into account when evaluating the lateral pres-
sure developed. In other words, two test

specimens of the same asphaltic mixture will .=,

give different lateral pressures depending upon
the range of movement permitted to the
specimen and this range or volumetric expan-
sion is evaluated on each specimen by the
displacement measurement. Therefore, the dis-
placement is measured after the completion of
the test by tumning the displacement pump
handle in a clockwise direction, thus forcing
a volume of liquid into the Stabilometer suffi-
cient to develop a pressure of 100 psi. The
exact amount of liquid required is indicated
by the number of tums of the pump and may
be read on the Ames dial gage provided.

In the conduct of this test, the specimen
becomes In effect an integral part of the
Stabilometer system and therefore, any lateral
surface voids on the specimen or air entrained
in the Stabilometer liguid will influence the
lateral displacement required to develop a
given pressure.

As specimens differ in the degree of smooth-
ness or roughness of the exterior surface, it is
necessary to measure the actual displacement
for each fest. The specimen is held firmly in
place during the displacement measurement
by retaining a vertical pressure of about 1000
b. This is employed simply to prevent ‘the
test specimen from being deformed or squeezed
upward while the displacement measurement’
is being carried out. Early studies indicated
that the significance of test results was im-
paired when the total displacement in the
instrument was at a very low value. Under
such conditions, it was difficult to establish
a differential between specimens of high and
low stability. Therefore, a standard initial
displacement was adopted corresponding to
two turns of the hand purnp when a “dummy”
specimen such as a smooth cylinder of brass
or wood is in place. All compacted specimens

of bituminous materials give a displacement

value somewhat higher than is recorded for
the smooth unyielding dummy specimen. To
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repeat; it is necessary that the conditions of
compressibility within the entire Stabilometer
system must be evaluated for each specimen.
‘While in a sense the displacement value is a
correction for the test specimen itself, funda-
mentally it is a correction for the entire Sta-
bilometer system. as air voids anywhere in the
system will have the same effect on the instru-
ment reading.’

"~ The foregoing discussion and test procedure

imply that the tendency of the specimen to
transmit vertical pressures in a horizontal

" direction is an inverse measure of the ability

Relative Stability = §

22.2
= -1_)11D—— A1)
2
- 0.222
Pv - Ph +

where:

P, = vertical pressure (typically 400 psi.},

Py = horizontal preseure (Stabilometer read-
ing in psi.), and

D, = displacerent on specimen.

(Pn was taken at the instant P, was 400 psi)

It will be noted that three factors are in-

60
Stabilameter
—_ —— Gohesiometer
s 50
= 4
=2 ”U ‘-\
o - .
w B pinlmum stapiiity’
3 40 usuaily speclfled ™|
= ¢
~ \
E 50 B 150
o l D
= c
» /,’4\\ N Sy 2
—
@ | o
% 20 7 & 100 @
£ P b\ 5
2 S/ £
8 M N £
& 10 AN ' 503
\ ) 2
Ol = (&3
o3 4 5 6 7 8 Y

Total Liquid Content (Asphalt+ Water)
Frc. 11.—Stabilometer and Cohesiometer Values on Four Specimens With Different Liquid Content.

&f the specimen to resist deformation. Follow-
ing the idea that plastic materials form a class
* of substances intermediate between liquids and
rigid solids, an arbitrary scale for reportmg
_ stability was established many years ago in
which the value of zero corresponds to a
lqmd having no measurable internal resistance
to slowly applied loads and at the other ex-
treme, 100 corresponds to a hypothetical solid
that will transmit no measurable amount of
pressure or movement. ‘

Caleulating Relaitve Stability:

For many years, Stabilometer values have
been converted to this arbitrary stability scale
by the following empirical formula:

volved in determining the relative stability;
first, the test load or vertical pressure (P);
second, the horizontal pressure (Py) developed
as indicated by the Stabilometer reading;
third, the volume of liquid which must be dis-
placed (Ds) to change the pressure on the
Stabilometer dial from five pounds to one
hundred pounds., For a bituminous paving
mixture having a small amount of cohesion or
tensile strength such as would ordinarily be
obtained with an SC-2 or SC-3 liquid asphait,
a value of S equal to or greater than 35 would
be considered satisfactory. However, it is evi-
dent that mixtures containing asphalts of low
pengtration have characteristics of -hardness
or toughness quite different from the oil mix
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type. In order to evaluate this property, the
cohesiometert* was developed to measure the
cohesive strength of the asphalt films. This is
accomplished by bending or breaking the same
cylindrical test specimen as used in the Sta-

© bilometer. The cohesiometer test is compara-

ble to a cantilever beam test and cohesiometer
values have a linear relationship to modulus
of rupture values when applied to rigid or non

o \ductﬂe substances.

Within recent years, Stabilometer tests are
being applied to native soils and granular bases

_in order to evaluate the supporting power and

thus determine the thickness of pavement or
surfacing required. The ability of such mate-
rials to resist distortion has been designated
““the resistance value” and while the two ex-
tremes of zero or 100 also correspond to the
liquid and solid state respectively, the inter-
mediate values have a different order of cor-
respohdence as compared to the oIder ‘sta-
bility™ scale.

When calculating the résistance values of
soils or untreated granular bases the followmg
formula is used:

L AD

where R is the resistance value,

The other symbols have the same signifi-
cance as in Eq. 1. However, P, will ‘e taken
when P, is at 160 psi. The R value may be
used 'to compute the thickness and strength of

- pavement necessary to carry traffic lvads.®

Both of the foregoing equations neglect the
cohesion or tensile strength. of the soil or
bituminous strface but under certain condi-
tions it is desirable to have an over-all evalua-
tion in which the tensile strength is included.

For bituminous surfacings, we are now cal-
culating a total resistance value combining

_both friction and tensile strength as reflected

by Stabilometer and cohesiometer readings.t

The formula is as follows:

o 100 o
Rf—]ﬂo—ﬁ“ﬂ,—+0.0561..(3)
—_—— + %

Dz

where R, is the total resistance value due to
both friction and cohesion and ¢, is cohesiom-

¢

. . S

eter value in grams per lineal inch of specnnen
width. This is an index to the tensile strength
“of the specimen.

When calculated by the above formula, a
value of R, equal to or greater than 90 is
sufficient and generally necessary for a bitum-
inous pavement subjected to heavy pneumatic
tired traffic.

Since the development of the Stabilometer,
instruments embodying the same principles
have been constructed in many laboratories,
many of which have been designated as “appa-~
ratus for measuring triaxial shear.” So.far as
fundamental principles of the apparatus are
concerned there is no difference between the
Stabilometer and the “triaxial versions.” How-
ever, there has been a rather general and con-
sistent difference:in the theoretical approach
or concept and consequently in the methods
of conducting the test. As stated before, the
Stabilometer is employed to measure the abil-
ity of the compacted specimen to transmit
pressure and the entire range of plastic mate-
rials may be evaluated by this process. Sands
or similar cohesionless granular materials may
also be tested in the Stabilomneter withouf
difficulty. In.most conventional triaxial tests,
however, the test is conducted on the assump- -
tion that there is a definite point of “failure”
and a typical procedure is to apply a series of
lateral pressures or degrees of lateral support
to the specimen and then determine the ver-
tical load required to cause “failure” in the
specimen. The specimen is subjected to sev-
eral stages or steps in magnitude of load and
of lateral support.

In order to illustrate the application of the
stabilometer test, four samples of bituminous
mixtures were selected and the test data are
shown on four charts (Figs. 10, 11, 12, 13).
The four samples were subrmitted from a re-
cently constructed project with the request
that the laboratory determine the causes for
distortion and roughening of the pavement
represented by samples C and D, Samples A
and B were taken from stable sections. :

These samples are identified and the test
results tabulated in Table I.

Examples of Test Resulls on Stable and Un-
stable Malerials:

Figure 10 has been prepared showing the
Stabilometer readings recorded for these four
samples, This is accomplished by plotting the
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Stabilometer reading in pounds per square inch
against the applied load in pounds per square
inch. Under the conditions of the test, the
vertical and horizontal pressures will be iden-
tical'on a specimen having no internal friction
or resistance, {The relative stability for bitumi-
nous pavements is evaluated under a test
load of 400 psi.)

Chart, Fig. 11, shows the “stability” value
calculated by means of Eq. 1. The cohe-
siometer values have also heen superimposed
indicating that cohesiometer values or tensile
strengths tend to increase with an increase
in the liquid content, which is a typical trend
in the majority of cases, Based on Stabilom-
eter. tests, specimens A or B would be con-
sidered to be satisfactory, however, it will be

Triaxiar, TesTiNG

by the higher asphalt content undoubtedly
would account for the comment from the field
engineer that specimen B 'was “Best looking
mix to date.” However, the asphalt content in
this specimen is dangerously close to the upper
limit for stability and slight errors in plant
proportioning or in the introduction of an ex-
cessive amount of moisture would render all or
portions of the mix unstable as indicated by -
the steep decline in the curve. :
It must be emphasized that the four speci-
mens tested are not of identical composition
a5 they were taken from different points on
the roadbed and as will be seen in Table I,
there is some variation in the percentage of
firles which probably contributes to the low
Stabilometer value on specimen D,

TABLE I—TEST RESULTS ON SAMPLES OF BITUMINOUS PAVEMENT REPRESENTING BOTH STABLE
AND UNSTABLE AREAS ON THE SAME PROJECT.

Identiﬁcation P
. ercentapge | Percentage | Percentage Cohesmm— .
Test oi:etct'ﬁ;:}ll::eadnd Passing of of eter Stnélzllom- Comments on Condition
ke in Following 0.  Moisture | Asphalt by | Valugat | T, of Road
discussion 200 Sieve |in Material | Extraction | 140 deg.
No, 57649 A 10 1.0 4.3 74 45 Cox;clfltllon good. No sign
: of failure,
No, 57630 D 15 2.7 ‘5.5 129 [ C%ridltmn EEpocu' Bumps
aded o
No. 57651 [ 10 1.2 5.8 124 1o C%ridatmn ﬁpoor Bumps
aded o
. No, 57652 B 9 1.1 © 135 40 Cendition very good, Best
locking mix to date.

2 Stabilometer tests were made on the samples as received without drying.

noted that the stability falls very rapidly with
a slight increase in asphait or water content
beyond the amount found in specimen B.
Therefere, it has been considered good prac-
tice to specify a somewhat lower asphalt con-
tent in order to provide some latitude for
variation during construction,

Chart, Fig. 12, has been prepared to show
the corresponding resistance value calculated
from "Eq. 2. Either the R value or the
stability value places the four specimens in
about the same relative order. However, the
tensile strength is also a factor in the per-
formance of a bituminous pavement and Chart,

- Fig. 13, has been prepared to show the resist-

ance value cilculated according to Eq. 3
which represents the combined mfluence of
internal friction and tensile strength. Under
this evaluation, specimen B appears dlightly
superior and the additional toughness imparted

)
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It should also be noted that there is no dif-
ference in asphalt content between specimens
C and D. The chief distinction is in the fact
that specimen D contains about twice as much
moisture as specimen C.,

The test results on the above samples were
selected because the actual quality of the
materials could be attested by known per-
formance under traffic. The four samples also
serve to illustrate the variations caused by
differences in asphalt content and the similar
influence of varying amounts of moisture.

Summary: B

It may be stated that the Stabilometer is
an instrument capable of measuring the most
important elements of internal resistance in a
wide variety of granular or plastic materials
with or without bituminous binders ranging
from cohesionless sands t0 wet clays and will
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also produce significant values on test speci-
mens of soil cement mixtures. ’

The entire test procedure can be completed
within an elapsed time of six minutes and the

» test specimen 15 not rupfured or destroyed in

the process so that the same briquet may be
used to determine the tensile strength or co-
hesive resistance if desired.

The first and outstanding advantage of the

“Stabilometer is the speed with which tests may

be performed. This is a matter of paramount

DISCUSSION ON ASPHALT PAVING MIXTURE . 45

importance in any laboratory where cost of
testing is a consideration and where test re-
sults must be made available as soon as possi-
ble for job control purposes.

The second feature is the fact that the test
has been in use for more than fifteen years
and a large mass of data exists to demonstrate
that a high degree of correlation exists between
test results and known performance of soils,
base materials and bituminous surfaces under
motor vehicle traffic,

[N
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